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Neuroscience: A 'Skin Warming' Circuit that Promotes Sleep and Body Cooling
Skin and body warming help initiate sleep, but the underlying neural mechanisms remain unclear. New research in mice shows that skin warming recruits a previously unidentified hypothalamic circuit that functions to promote sleep and body cooling.
Many animals warm themselves before going to sleep. For example, humans warm themselves in beds and many land animals, including non-human primates, rodents and birds, retreat to warm environments such as nests or burrows. Certain types of fish even curl-up under the mud before entering a night of dormancy. Some biologists propose that animals engage in these 'pre-sleep' behaviours in order to warm themselves and that increases in skin, body and/or brain temperature may act as a natural mechanism to promote sleep [1] [2] [3] [4] . This idea is supported by the fact that warm baths, hand and foot warming, and warming the hypothalamus itself can speed-up the transmission into natural sleep [1, [5] [6] [7] . However, the neural circuits that engage sleep following skin, body or brain warming remained unidentified until now.
In this issue of Current Biology, Harding et al. [8] investigate how exposure to a warm environment promotes sleep in mice by identifying a brain circuit that responds to skin warming. Using an impressive range of genetic, behavioural and electrophysiological techniques they found that a warm ambient environment not only increased skin (and body) temperature, but it also switched on a specific group of neurons in the preoptic hypothalamus ( Figure 1 ). Activation of these hypothalamic neurons rapidly triggered natural non-rapid-eyemovement (non-REM) sleep and the normal body cooling that occurs during sleep. These results are scientifically and biologically important because they identify a circuit mechanism that potentially explains how pre-sleep behaviors -such as skin/body warming -can initiate non-REM sleep and subsequent body cooling.
Harding et al.'s first observation was that mice prefer warm sleeping environments. To show this, they devised a straightforward but effective experiment in which mice were placed in cages that have both warm (32 C) and cool (22 C) areas [8] . They found that mice preferentially built their nests (where they sleep) and spent more time in the warmest part of their cage. Importantly, they also showed that a warm sleeping environment increases both skin and body temperature. These observations are important because many experimental biologists study sleep in mice that are housed in cool environments (20-24 C), and Harding et al. ' s observations not only suggest that mice prefer to nest (and presumably sleep) in a warm environment [9] , but that ambient warmth affects skin temperature, which plays a documented role in modulating sleep [1, 6] .
Next, Harding and co-workers wanted to determine how skin warming impacts the activity of neurons in the preoptic hypothalamus [8] . They focused on this area because the medial and median preoptic hypothalamus play well-known roles in regulating sleep and body temperature [10, 11] . Supporting previously published studies [10, 12] , Harding et al. found that neurons in the preoptic area are responsive to changes in ambient temperature [8] . They showed that exposing mice to a warm (32 C) environment markedly increased the number of cFos-expressing neurons in the preoptic area as compared to mice exposed to a cooler (22 C) environment. Based on this observation, the authors hypothesize that skin warming triggers sleep and body cooling by recruiting neurons in the preoptic hypothalamus.
To test this hypothesis, Harding et al. employed an elegant genetic technique to selectively 'tag' warm-responsive preoptic neurons with a custom-designed receptor so that they could be 'reactivated', thereby allowing the authors to test the functional role that these neurons play in sleep and temperature control. The technique they used is known as cFos-based activity-tagging and relies on the fact that once a neuron expresses cFos it then inserts an excitatory receptor (hM3Dq) into its membrane, which can then be selectively activated by a compound known as clozapine N-oxide [13, 14] . At face value, this technique sounds straightforward, but in reality it is challenging to implement. But, the authors have expertise using this method, which they've previously used to identify sleep-regulating circuitry [13] .
Harding et al., found that selectively activating warm-responsive preoptic neurons had a marked affect on sleep-wake behaviour [8] . Specifically, they showed that exciting preoptic hypothalamic cells caused a rapid and robust increase in non-REM sleep that was also accompanied by a concomitant decrease in body temperature. Although body temperature affects sleep [3] , it is unlikely that the sleep-inducing effects of preoptic cell activation were due to reduced body temperature because the onset of sleep preceded the decrease in body temperature. Accordingly, these data suggest that a warm stimulus activates preoptic hypothalamic neurons, which when reactivated induce both non-REM sleep and body cooling.
However, one notable caveat is that activation of preoptic neurons caused a severe decrease in body temperature (i.e., hypothermia), reducing it by [8] [9] [10] C from normal levels. Although body and brain temperature normally fall during non-REM sleep, the observed temperature drop was well below the normal range. One possible explanation for this abnormal temperature effect was that the genetic strategies used to manipulate preoptic neurons (which have known limitations) [15] led to their hyper-activation and hence hypothermia. Despite this caveat, cFos-based activity-tagging, and chemogenetic strategies in general, are among the best-known tools for probing circuit function [15, 16] , and Harding et al.'s study is a prime example of how such tools can be effectively used to identify sleep circuitry.
Because activity of the preoptic hypothalamus is known to modulate sleep and body temperature [10, 11] , Harding et al. focused on identifying the neurochemical nature of the preoptic neurons that are potentially responsible for controlling these behaviours. After immunohistochemically probing the preoptic area for a range of neurotransmitters (e.g., acetylcholine, somatostatin, parvalbumin), they found that only two types of neurons were activated by a warm stimulus. And these were nitrergic/glutamatergic and GABAergic cells located within the preoptic hypothalamus. This finding suggests that skin warming induces sleep and hypothermia by selectively recruiting either nitrergic/glutamatergic and/or GABAergic cells.
To test the potential role that these hypothalamic cells play in inducing sleep and hypothermia, Harding et al. used the activity-tagging, described above, to activate either nitrergic/glutamatergic or GABAergic cells. Interestingly, they found that stimulating nitrergic/glutamatergic cells in the preoptic area induced both non-REM sleep and hypothermia, whereas activation of GABAergic cells only induced non-REM sleep without changing body temperature (Figure 1 ). This observation is important because it implies that skin warming induces sleep and body cooling by a nitrergic/glutamatergic-dependent mechanism acting specifically within the preoptic hypothalamus.
This study makes a significant contribution to the field of sleep biology because it provides new clues about the relationship between thermoregulatory control and sleep regulation. Importantly, Harding and colleagues identified a hypothalamic circuit that responds to a warm environmental stimulus, and that reactivation of this circuit triggers both sleep and body cooling (Figure 1 ) [8] . Despite this advance many unanswered questions remain. For example, how and why does skin warming activate preoptic hypothalamic cells? And does skin cooling inhibit this cell circuit? But perhaps most importantly, does inactivation of this circuit impair the sleep and thermoregulatory responses to skin warming? Answering these questions will provide biologists with a better understanding of how environmental cues, such as ambient temperature, impact the control of sleep in both health and disease.
